Food tastes better and people eat more of it when eaten with company than alone. Although several explanations have been proposed for this social facilitation of eating, they share the basic assumption that this phenomenon is achieved by the existence of co-eating others. Here, we demonstrate a similar "social" facilitation of eating in the absence of other individuals. Elderly participants tasted a piece of popcorn alone while in front of a mirror (which reflects the participant themselves eating popcorn) or in front of a wall-reflecting monitor, and were found to eat more popcorn and rate it better tasting in the self-reflecting condition than in the monitor condition.
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individuals may be enough to induce the social facilitation effect. However, no studies have ever questioned whether the presence of another individual is in fact necessary for producing the "social" facilitation of eating. This may be because presence of other individuals is usually treated as a basic premise for producing the social facilitation of eating, primarily because this facilitation has only been observed when an individual eats together with other individuals [2] . The aim of this study was to analyze and answer this question. We hypothesized that the social facilitation of eating would occur without the actual presence of other individuals.
Eating with others is ubiquitous for many people. It has been found to strengthen the social bonds between individuals [14, 15] and thereby enhance team performance [16] . However, at present, numerous elderly adults eat alone in Japan [17] .
Research has shown that the quality of life of elderly adults is associated with food enjoyment [18] and a high frequency of eating alone in elderly adults is associated with depression [19] and loss of appetite [20] . If elderly adults exhibit a social facilitation of eating when eating in front of a mirror, this setting could be used to promote their quality of life. From this point of view, we recruited elderly individuals in both Experiment 1 and Experiment 2.
Experiment 1
To test the prediction, we set up an experiment (Experiment 1) wherein individuals ate alone in front of a mirror. In this situation, the mirror would reflect the individuals themselves eating food, thus giving them the objective visual information of an eating behavior when the individual is in fact eating alone
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Material and Methods
Participants
Sixteen elderly adults (5 females and 11 males; aged 65-74 years with a mean of 68.4; all Japanese) recruited by a job placement agency for elderly adults participated in exchange for a cash incentive. We verified that all participants had normal cognitive status before the experiment by using the Revised Hasegawa's Dementia Scale (HDS-R) [21] . None of the participants met the criteria for dementia (i.e., a score of 20 or less as suggestive of dementia; mean for this sample = 28.56). We also confirmed that all participants were naïve to the purpose of the experiment and had them complete a demographic questionnaire assessing their suitability for the study-namely, that they had good health, no food allergies, no history of eating disorders, and no special dietary restrictions.
Procedure
The experiment comprised 3 consecutive phases: pre-tasting survey, tasting, and post-tasting survey.
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provided. The scores of the specific 10 items (e.g., active) composed energetic arousal (EA) and those of the other 10 items (e.g., nervous) composed tense arousal (TA). Each score ranged from 10-40. The combination of these two factors structured mood dimension. For example, higher energetic arousal and lower tense arousal indicated the increase of pleasant mood (positive mood) [22, 23, 24] .
Tasting
Before the tasting, participants were told that they would be evaluating the taste of different types of popcorn, and that they could eat as much of the popcorn as they liked. To examine the influence of the presence of a mirror, a rectangular mirror (42 cm × 60 cm) was placed on a desk in the small booth (120 cm × 175 cm) in which the participants sat, at a distance of approximately 40 cm from the participant; the mirror reflected the upper half of the participant's body when he/she sat in front of it (the mirror condition). A 24-inch vertical LED monitor (38 cm × 57 cm) was placed at the same distance as the mirror on the desk in another booth. An image of the wall behind the booth was taken in advance and displayed on the monitor (the wall-reflecting monitor condition).
Two types of popcorn were placed in paper bowls on the desk of each booth.
They differed in terms of flavor and color: one was salt flavored (Kikuya Co. Ltd., 6 g per bowl, 582 kcal per 100 g) and the other was caramel flavored (Tominaga Boueki Kaisha Ltd., 20 g per bowl, 468 kcal per 100 g). Participants tasted one type of popcorn at a time. Taken together, we introduced four (2 × 2) different conditions into the tasting period in a randomized order.
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The experimental procedure was as follows: participants went into one of the booths in the experimental room, picked up a white paper bowl that was half-full of popcorn (prepared just before the tasting), and, after an alarm call signaled the beginning of the tasting period, began to taste the popcorn while alone in the booth. The tasting period lasted for 90 seconds. After another alarm call signaling the end of the tasting period, they completed a short questionnaire indicating their subjective evaluations of the popcorn. The participants then began a new condition with a new popcorn.
The short questionnaire contained a number of questions in Japanese assessed on a 6-point scale (from "not at all" to "extremely") that reflected participants' subjective evaluations of the popcorn: "How good is this popcorn?" "How do you feel about the quality of the popcorn?" "How much do you like this popcorn?" "How filling is the popcorn?" "How salty is this popcorn?" "How sweet is this popcorn?" and "How bitter is this popcorn?" We also calculated the consumption ratio of each bowl of popcorn by subtracting the ratio of the quantity of the remaining popcorn from its initial quantity ratio (i.e., 100%).
Ethics statement
The protocols of all of the experiments in this study accorded with the Declaration of Helsinki and were approved by the Ethics Committee of the Graduate School of Information Science at Nagoya University. Written informed consent was obtained before participation.
Results
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A C C E P T E D M A N U S C R I P T = 5.21, P < 0.05), and liking (F 1,15 = 10.00, P < 0.01) of the popcorn were all significantly higher in the mirror condition than in the monitor condition. The mean consumption ratio in the mirror condition was also significantly greater than that in the monitor condition (F 1,15 = 15.40, P < 0.01; Fig 1) .
The sweetness of the caramel flavored popcorn (F 1,15 = 154.29, P < 0.01) was significantly higher than that of the salt flavored popcorn. Furthermore, the saltiness of the caramel flavored popcorn (F 1,15 = 34.01, P < 0.01) was significantly lower than that of the salt flavored popcorn. These comparisons were conducted as to verify that participants' sense of taste was valid. 
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Mood
Participants rated their mood state before and after tasting in terms of the two independent scores (EA and TA). Our special interest here was to assess whether there were any changes in their mood state when tasting food in front of a mirror. Therefore, the ratings of arousal scales from the pre-tasting and post-tasting surveys were analyzed 
Discussion
Our main finding in Experiment 1 was that the popcorn tasted better and was consumed more when the participants tasted popcorn alone in front of a mirror than in front of a wall-reflecting monitor. This is the first experimental demonstration that eating alone in front of a mirror significantly enhanced the perceived taste of the food as well as the amount of food consumed.
Although there has as yet been no study that investigated the effect of a mirror in the literature on social facilitation, several attempts have been made to investigate the behavioral influences of eating in front of a mirror [25] [26] [27] [28] . These studies mainly intended to assess whether a mirror could serve to reduce the consumption of food by
showing the participants their own eating behaviors in the mirror [26] . Therefore, studies used undesirable food in terms of health (e.g., fatty food) or anti-obesity and
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assessed to what extent the food was favorable as well as the consumption of unhealthy food. As expected, eating in front of a mirror suppressed the amount of food consumed in the case of undesirable food [26] [27] [28] . For instance, consumption of unhealthy food, such as full-fat cream cheese and margarine, was suppressed in front of a mirror, while consumption of other foods (i.e., reduced-fat and fat-free cream cheese and margarine)
was not [26] . The suppression effect was also obtained with obese and non-obese participants by their observing themselves eating chicken soup, which generally seems not to be unhealthy food [25] . However, participants rated the chicken soup as tasting better in front of a mirror [25] . In contrast, previous studies on social facilitation effect of eating did not pay attention to the characteristics of the food, such as its nutrient value and desirability. Therefore, ubiquitous foods, such as popcorn suppression in front a mirror had studied; however, the present study used neither unhealthy food nor unhealthy participants (e.g., obese individual). It focused on the "social influence" by "the other" individual rather than on the desirability of food itself.
Interestingly, if the food was desirable or preferable one (i.e., sweet chocolate), the presence of another individual made the food tasty, whereas if the food was unpleasant (i.e., bitter chocolate), the presence of another individual suppressed the likability of the bitter chocolate than when tasting alone [13] . Thus, we hypothesize that eating in front of a mirror may have a twofold effect: If a food is undesirable, eating in front of a mirror would suppress the desire to consume it. On the other hand, if it is a preferable food, the suppression effect would be weak, and eating in front of a mirror would make ACCEPTED MANUSCRIPT
the food taste better, thus enhancing the consumption of food due to the "social facilitation" effect.
In our study, we used popcorn as a food that is "not" undesirable to eat for the purpose of investigating the facilitation effect when participants tasted the food alone in front of a mirror. Actually, the participants' likability ratings for the popcorn while they were seated in front of a mirror were relatively high (overall average was 3.91, with a maximum rating of 6). These ratings were not low even in the monitor condition (overall average was 3.41). Therefore, it may be assumed that the participants considered popcorn as relatively desirable, even though it was unclear whether popcorn was perceived as healthy food.
Present results appear to be similar to those found in studies on the social facilitation of eating with other individuals, which is often attributed to the highlighted mood with others. However, the scores of EA and TA did not deviate from the center of each score range (from 10 to 40 scores), there was no significant increase in mood between before and after the tasting in the present study when participants were eating in front of a mirror, which suggests that the facilitation effect observed herein could not be attributed to the influence of mood.
More noteworthy is that this facilitation of eating without the presence of other individuals occurred only when there was dynamic visual information of "someone" eating. Our results suggest that the facilitation of eating in social situations does not necessarily require the presence of another individual, but it does seem to require visual information of "someone" including a mirror-reflected image.
Experiment 2
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Material and Methods
Participants
Twelve elderly adults participated in this study (7 females and 5 males; ages 66-74 years with a mean of 68.9 years; all Japanese). None of the participants met the criteria for dementia (mean = 28.83). All of the participants were naïve to the purpose of the experiment and completed a demographic questionnaire, as in Experiment 1.
Procedure
The procedure of Experiment 2 was identical to that of Experiment 1 except for the following: (1) instead of using a mirror, a static image of the participant tasting food (soybeans), taken in advance, was displayed on a 24-inch vertical LED monitor, and (2) the participants tasted only one type of popcorn (caramel flavor). Therefore, there were only two conditions: the static image of the participant tasting food (static self-image condition) and the static image of the wall of the booth (wall-image condition, which was identical to the monitor condition in Experiment 1). These were presented in a ACCEPTED MANUSCRIPT
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randomized order to all participants. A bowl of soybean was placed in front of the participants and they could eat soybean as much as they liked.
Results
Subjective evaluations of the food
We conducted two-tailed paired t-tests to compare participants' ratings and the mean consumption ratios between the static self-image and wall-image conditions.
Participants reported that the goodness of the popcorn was significantly higher in the Fig 2) . The responses to the other items did not differ across conditions. 
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Mood
The ratings of arousal scales (EA and TA) from the pre-tasting and post-tasting surveys were analyzed using two-tailed paired t-tests. There were no significant differences between the ratings of EA in pre-tasting and post-tasting period 
Discussion
Our results indicated that the popcorn tasted better and was eaten more often when participants tasted the popcorn in front of a static self-image than when in front of a static image of the wall. Here, the static image reflected a participant's past eating behavior rather than the dynamic visual information of eating. These results suggest that the dynamic visual information of eating is not always required for the social facilitation of eating.
Experiment 3
Only elderly adults were included as participants in Experiments 1 and 2, which begs the question of whether the findings are specific to the elderly. As noted above, elderly adults may receive a greater benefit of eating in front of a self-reflection.
However, the facilitation effect of eating with a self-reflection might be generalized to other age groups. In this experiment, we validated whether a younger age population
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would demonstrate a similar effect when eating alone in front of a mirror as shown by elderly adults in Experiment 1.
Material and Methods
Participants
Sixteen young adults (5 females and 11 males; ages 20-23 years with an average of 21.5 years; all Japanese) from a local university participated in exchange for partial fulfillment of their course credit. All participants completed a demographic questionnaire assessing their suitability for the study (i.e., good health, no food allergies, no history of eating disorders, and no special dietary restrictions).
Procedure
The procedure was identical to that of Experiment 1.
Results and Discussion
Subjective evaluations of food in young adults
A two-way ANOVA with the factors of presence of a mirror (mirror vs. monitor) and test food (salt flavored vs. caramel flavored) was used for the analysis.
The goodness (F 1,15 = 6.04, P < 0.05), quality (F 1,15 = 4.47, P < 0.05), and liking (F 1,15 = 4.60, P < 0.05) of both types of popcorn in the mirror condition were all significantly higher than in the monitor condition. Furthermore, the quality of the caramel flavored popcorn (F 1,15 = 10.04, P < 0.05) was significantly higher than that of the salt flavored
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popcorn. The mean consumption ratio in the mirror condition was significantly higher than that in the monitor condition (F 1,15 = 8.86, P < 0.01). Additionally, the sweetness of the caramel flavored popcorn (F 1,15 = 135.12, P < 0.01) was significantly greater than that of the salt flavored popcorn, while the saltiness of the salt flavored popcorn (F 1,15 = 23.81, P < 0.01) was significantly higher than that of the caramel flavored one. There were no significant interactions between these factors.
Mood in young adults
The ratings of arousal scales (EA and TA) before and after the tasting were analyzed using two-tailed paired t-tests. There were no significant differences between These results of Experiment 3 indicated that the popcorn tasted better and was eaten more when young individuals ate it in front of a mirror than when they ate it in front of a wall-reflecting monitor. These findings confirm that the "social" facilitation effect of eating without others being present occurs among younger adults as well. The next step would be to compare these results with those of the elderly adults from Experiment 1.
Direct comparison between young and elderly adults
To compare the results of the elderly adults (Experiment 1) with those of the young adults (Experiment 3), we combined the data of these two experiments and
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analyzed them by using a three-way mixed ANOVA with the factors of presence of a mirror (mirror vs. monitor), test food (salt flavored vs. caramel flavored), and age of participants (young vs. elderly).
Our results indicated that most ratings of the mirror condition were significantly higher than were those of the monitor condition (goodness: F 1,30 = 23.88, P < 0.01; quality: F 1,30 = 9.88, P < 0.01; liking: F 1,30 = 11.89, P < 0.05; fillingness: F 1,30 = 4.62, P < 0.05; mean consumption ratio: F 1,30 = 20.24, P < 0.01). Interestingly, we observed no significant interactions between the age groups and presence of the mirror for any of the variables (Fig 3) . 
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The main effect of age was confirmed for the goodness (F 1,60 = 10.84, P < 0.01), quality (F 1,60 = 5.64, P < 0.05), liking (F 1,60 = 6.51, P < 0.05), and saltiness of the popcorn (F 1,60 = 6.63, P < 0.05), with the young adults having significantly higher ratings than the elderly adults (Table 1 ).
The sweetness of the caramel flavored popcorn (F 1,30 = 285.25, P < 0.01) was significantly higher than that of the salt flavored popcorn. Moreover, there were significant three-way interactions between these factors for the sweetness ( Expe r ime n t 1 Expe r ime n t 2 Expe r ime n t 3
Elde r ly Elde r ly Yo u n g 
Values are presented in means (SE).
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The results of this comparison indicated only slight differences between the age groups. The young participants rated the popcorn as tasting better and ate more of it than did the elderly participants. It is possible that the different amounts of exposure between young and elderly adults to popcorn might have caused the difference between two age groups, as hardly elderly adults in Japan eat popcorn in their daily life. A previous study indicated that repeated exposure to one food leads to more positive evaluations of that food [31] . Thus, the higher ratings of goodness and saltiness among younger participants may merely reflect their familiarity to this food.
More importantly, the mirror led to a facilitation effect of eating in both age groups, indicating that the influence of a self-reflecting mirror is not limited to elderly adults. This suggests that the cognitive abilities required for the social facilitation of eating function independently of those abilities that show age-related declines [32, 33] .
The fact that this facilitating effect of self-reflection was observed in a broader age range means that the method may be beneficial to many more people, given that eating food is a major source of pleasure in human life [34] . It has been reported that eating together with family members is important for the psychological well-being and avoidance of risk behavior among adolescents [35, 36] . Although the effects from Experiment 2 were not replicated by the young adults in this study, we expect that they will show similar results in a static self-image situation. Experiment 2 was conducted to determine the critical factor to produce "social facilitation effect." For the daily-use purpose, however, the mirror is easier to set up in a room than a large size self-image.
Thus, we did not pursue the results of Experiment 2 with the young adults. However, further examination of the mirror effect on adolescents might be performed.
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General Discussion
The most important finding of our study was that the social facilitation of eating was observed when individuals ate alone in front of a mirror or a static image of themselves eating. These findings suggest that the facilitation of eating does not require the presence of another individual. Rather, static visual information of "someone" eating food is sufficient to produce the "social" facilitation of eating. It should be noted that only self-images were used in this study. Thus, we cannot rule out the possibility that our use of a static image of the participants themselves may have had some influence on the facilitation effect (e.g., familiarity). In a future study, one must examine whether the facilitation of eating with static images is replicated by using static images of another person as well. It is essential to control various social factors, which may influence eating behavior when eating with other individuals, such as social modeling and the social norms of eating [38] .
In this study, all the self-images reflected eating behaviors. It is unclear whether "eating" images are crucial to produce the "social" facilitation effect of eating.
A future investigation would be determining whether the mere presence of themselves lead to a facilitation effect of eating, even when they does not eat anything (i.e., audience effect [39] ), There is good evidence indicating that eating in the presence of a non-eating observer can make the food taste worse [13] and suppress individuals' actual consumption [40] . Therefore, a presentation of static image of another individual's non-eating action may produce the opposite pattern of the results in Experiment 2. The social facilitation of eating in situations of eating together has been often referred to as an example of so-called "co-action effects," which arise when individuals simultaneously engage in an activity with others [39] . Interestingly, previous studies have shown that thinking about events related to food (e.g., imagining that someone prepared your food kindly) has been found to improve that food's taste [41] . It may be that individuals' mental representations of co-eating are more important for the
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We must also examine the contribution of the familiarity of the situation of eating alone to the observed facilitation effect. We asked elderly adults who participated in Experiment 1 whether they had a tendency to eat alone for their daily meals. About half of the elderly individuals (i.e. 8 out of the 16 participants) answered that they more often ate alone than with others for everyday meals. Furthermore, more elderly individuals answered that they had a tendency to eat alone compared to the young adults 
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The present findings provided us the opportunity to understand an important aspect of the social facilitation of eating. Similar results might be observed for other social facilitation phenomena involving co-action effects (e.g., size perception [42] , motor performance [43] , and attention [44] ). Given that these facilitations might also occur without the actual existence of others, our findings might be helpful in understanding the true nature of social facilitation and co-action effects beyond those related to eating.
Highlights
We investigated the social facilitation of eating in the absence of other individuals.
Participants rated food as tasting better in front of a mirror reflecting visual information of themselves.
Consumption of food was also increased by observing themselves eating.
A similar facilitation effect was observed even when eating in front of a static picture of themselves.
